Abstract. Forestry practices have been shown to impact on amphibian species to varying degrees. Burrowing amphibian species may be of less concern as they may be able to escape the direct impacts of a logging operation. The giant burrowing frog Heleioporus australiacus is a threatened frog species in south-eastern Australia. Logging is currently excluded from known habitat of this species. We examine aerial photographs to determine the extent of soil disturbance in 15 coupes in which integrated logging has occurred and 15 unlogged coupes. We then examine the extent of soil disturbance in a standard operation in a simple field experiment to assess the potential for a logging operation to affect H. australiacus. Approximately 65% of a coupe experiences medium to high levels of soil disturbance during an integrated logging operation. These disturbances appear to be at a level which would be disruptive to an individual H. australiacus occupying such sites. Alternate logging practices result in varying levels of disturbance and therefore are likely to have varying impacts on individuals. Active management of an area following a logging operation may improve the habitat for H. australiacus and other soil organisms.
Introduction
Impacts of forestry practices on amphibians have been extensively studied in North America (for reviews see Bury and Corn, 1988; deMaynadier and Hunter, 1995) , but much less so in other areas of the world, although the general impacts may be similar. Populations of most amphibian species decline in the post-log environment with salamanders being more sensitive to logging than anuran species (e.g. Bury, 1983; Cole et al., 1993; Petranka et al., 1993; Wahbe and Bunnell, 2003) . The extent of the decline is related to the nature of the logging operation with populations in clear-felled forest decreasing more than those in forests which are selectively logged. Logging clearly can directly affect individual amphibians through their being crushed during the operation. Afterwards, changes to a forest may affect species in three ways: a) there can be alterations to water-balances through the opening of the canopy and understorey; b) loss of shelter in the form of litter, low shrubs and downed woody material can leave amphibians more exposed to predators; c) disturbance of the litter and low shrubs can alter food sources, leading to loss of condition of remaining individuals. It is often likely that all three impacts occur.
Burrowing anurans provide a unique set of challenges to forest managers. Burrowing species may be of less concern because they may be able to escape direct mortality through crushing or during post logging burns and may better be able to survive a more open environment that is prevalent post-logging. They are relatively independent on ground cover for protection from predators. Other behaviours however may expose them more to the impacts of logging activities. Many species appear to spend the majority of the year away from breeding sites and other wet areas (e.g. Pearson, 1955; Lemckert and Brassil, 2003) whereas many other amphibians do so only during wet periods (e.g. Bulger et al., 2003) or for overwintering (e.g. Lamoureux and Madison, 1999) . Burrowing species may also occupy areas greater distances from waterbodies than non-burrowing species (e.g. Dodd, 1996; Lemckert and Brassil, 2003) which means that standard approaches to managing amphibians in forest environments, such as stream or wetland buffer zones (e.g. Semlitsch and Bodie, 2003) , are unlikely to provide any significant protection to populations of these species.
The main direct impact of forestry on burrowing species is likely to be soil compaction by machinery resulting in mortality or the creation of unsuitable habitat. The extent of soil compaction is a function of both soil type and traffic levels (Grigal et al., 1997; Smith et al., 1997; Hutchings et al., 2002) . The areas of highest traffic in a logging area, hence sites of compaction, are the tracks along which logs are transported (snig tracks) and the centralized log dumps. Compaction of the surface layers of the soil may also occur, albeit to a lesser extent, in areas where trees are felled manually.
The giant burrowing frog, Heleioporus australiacus, is a threatened frog species in south-eastern Australia restricted to naturally vegetated areas within its range (Penman et al., 2004) . In lands subject to commercial forestry, pre-logging surveys are required for this species. When it is detected management prescriptions are implemented to protect this species from logging impacts. These prescriptions incorporate either buffer zones around stream habitat areas or fire and logging exclusion zones within forest areas to protect the non-breeding habitat. The species is however, extremely difficult to detect and therefore, populations will not always be protected from forestry operations. It is known to move some distance from obvious breeding sites into areas not well protected by standard protective prescriptions and burrows often to only relatively shallow depths (10 cm or less) where it is vulnerable to soil disturbance. Individuals in such areas are known to have died during logging operations (see Lemckert and Brassil, 2003) . It is therefore important to
